Background {#Sec1}
==========

Migraine is a debilitating neurological disorder that affects 14.1% of the US \[[@CR1], [@CR2]\] and 14.7% of the European \[[@CR3]\] populations. It can be categorised on the basis of headache-day frequency into episodic (\<15 headache days/month) and chronic forms. Chronic migraine (CM) is defined by the International Classification of Headache Disorders (third edition, beta version \[ICHD-3b\]) as headache occurring on ≥15 days per month for \>3 months, with ≥8 days per month meeting criteria for migraine with or without aura \[[@CR4]\]. Chronic migraine has an estimated worldwide prevalence of 1.4% to 2.2% \[[@CR5]\], and is associated with substantial disease burden. Compared with episodic migraine (EM), patients with CM suffer from greater disease impact \[[@CR6]\], a higher level of disability \[[@CR7], [@CR8]\], higher scores for depression and anxiety \[[@CR9]\], and reduced quality of life \[[@CR7]\]. In addition, CM is associated with higher healthcare utilisation and reduced productivity, resulting in an overall greater economic burden compared with EM \[[@CR10], [@CR11], [@CR7]\]. This economic burden has been reported to be reduced by onabotulinumtoxinA treatment in cases of CM refractory to ≥2 oral prophylactics, with respect to migraine-related emergency department visits, urgent care visits, and hospitalisations \[[@CR12]\].

Although several classes of medication are used as preventative treatments for CM (eg, beta blockers, antidepressants, muscle relaxants \[eg, tizanidine\], anticonvulsants) \[[@CR13]\], most (with the exception of topiramate \[an anticonvulsant\] \[[@CR14], [@CR15]\] and amitriptyline \[an antidepressant\] \[[@CR16], [@CR17]\]) do not have empirical evidence of efficacy in CM. Furthermore, of these medicines, only topiramate and beta blockers are approved for migraine prevention (although neither is approved for CM prevention specifically). In addition, adherence to these medications is typically poor \[[@CR18]\], largely due to adverse events \[[@CR19]\] and possibly also due to lack of sustained efficacy. The lack of safety and efficacy of these agents suggests an unmet need for improved preventative treatment of CM \[[@CR19], [@CR20]\].

OnabotulinumtoxinA has received regulatory approval in most European countries as the only approved treatment for symptom relief in adults with CM \[[@CR21]\]. Recommended treatment consists of intramuscular injections of 155 U divided among 7 head/neck muscles administered in \~12-week intervals \[[@CR22]\]. The Phase 3 REsearch Evaluating Migraine Prophylaxis Therapy (PREEMPT) clinical trials evaluated the safety and efficacy of onabotulinumtoxinA for the preventative treatment of CM. Compared with placebo, patients treated with 2 cycles of onabotulinumtoxinA (ie, 24 weeks) experienced a significant reduction in headache days (per 28-day period) and an improvement in quality of life \[[@CR23], [@CR24]\]. In a pooled analysis of those patients who continued treatment for an additional 3 cycles (ie, 52 weeks), a persistent improvement in the number of headache days and quality of life was observed with onabotulinumtoxinA \[[@CR25]\]. Throughout the 52-week study period, onabotulinumtoxinA was generally well-tolerated, and the adverse event (AE) profile was consistent with previous reports.

The PREEMPT clinical trial programme provides support for the use of onabotulinumtoxinA for the preventative treatment of adults with CM over a 1-year period, and several subsequent studies have supported these findings in patients with and without medication overuse \[[@CR26]--[@CR33]\]. The ongoing prospective, observational REal-life use of botulinum toxin for the symptomatic treatment of adults with chronic migraine, measuring healthcare resource utilisation, and Patient-reported OutcomeS observed in practice (REPOSE) Study aims to describe real-world healthcare resource utilisation and patient-reported outcomes among patients with CM who were treated with onabotulinumtoxinA over a 2-year period. This report will review the REPOSE Study methodology and baseline patient characteristics. No outcomes data are reported here, although the methods for collecting these data are detailed.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

The REPOSE Study is an ongoing 24-month, prospective, non-interventional, observational study being conducted among 78 clinics throughout Germany, Italy, Norway, Russia, Spain, Sweden, and the United Kingdom. Patients prescribed onabotulinumtoxinA (BOTOX®, Allergan plc, Dublin, Ireland) for symptom relief of CM are recruited over a 6- to 12-month period. The 24-month treatment period, including follow-up, is carried out per the treating physician's best clinical judgment and standard of care, guided by the terms of the marketing authorisation described in the Summary of Product Characteristics \[[@CR34]\]. Treatment, therefore, reflects the individual physician's usual clinical routine and country-specific standards of care. The total study duration is 30 to 36 months and consists of enrollment, a baseline visit (visit 1) and follow-up visits approximately every 3 months. A window of at least 15 days spanned the 3-month follow-up time point, such that 3 slightly different groups could be defined as follows: less than 3 months, \<75 days since the last injection; every 3 months, ≥75 and \<105 days since the last injection; more than 3 months, ≥105 days since the last injection. OnabotulinumtoxinA injections are administered at baseline and each follow-up visit. All participating clinics obtain appropriate ethics committee approval and the study is being conducted in accordance with International Conference on Harmonisation Good Clinical Practice. All patients provide written informed consent.

Study treatment {#Sec4}
---------------

Treating physicians are trained on onabotulinumtoxinA injection patterns as described in the Summary of Product Characteristics \[[@CR34]\] and the PREEMPT study paradigm \[[@CR35]\]; although there was no mandate for physician's to comply with these injection paradigms. OnabotulinumtoxinA is administered in 0.1 mL injections (5 U) using a 30-gauge, 0.5-in. needle. The minimum recommended dose of onabotulinumtoxinA is 155 U injected bilaterally into 31 sites among 7 head and neck muscles. At the physician's discretion, the protocol allows for an additional 8 injections according to the 'follow-the-pain' strategy for a total dose of 195 U \[[@CR35]\]. Injection sites and recommended doses are outlined in Table [1](#Tab1){ref-type="table"}.Table 1OnabotulinumtoxinA Injection Sites and Doses \[[@CR35]\]Muscle Injection SiteMinimum Recommended DoseAdditional Injections per the 'Follow-the-Pain' StrategyFrontalis20 U, 4 sitesNACorrugator10 U, 2 sitesNAProcerus5 U, 1 siteNAOccipitalis30 U, 6 sites10 U, 2 sitesTemporalis40 U, 8 sites10 U, 2 sitesTrapezius30 U, 6 sites20 U, 4 sitesCervical paraspinal muscle group20 U, 4 sitesNANA = not applicable

The cost of onabotulinumtoxinA and treatments reflected real-world costs, and varied depending on country and insurance status of the patient.

Patient selection {#Sec5}
-----------------

This report includes patients who participated for ≥6 months based on an interim analysis date of February 12, 2015. Male and female patients aged ≥18 years who are prescribed onabotulinumtoxinA for CM symptom relief are enrolled. Patients are excluded if they had received any botulinum toxin serotype within the previous 26 weeks, if they are currently participating in the Botox Chronic Migraine Post-Authorisation Safety Study (CM PASS), or if they are contraindicated for treatment with onabotulinumtoxinA per the prescribing information. Given the observational nature of this study, no other formal exclusion criteria have been defined. Patients are free to leave the study at any time, independent of their response to treatment. Any pregnancies that occur during the study are reported to Allergan via the electronic case report form (eCRF) within 24 h of confirmation. In addition, the patient's primary care physician is notified that the patient has been treated with onabotulinumtoxinA. The patient is then withdrawn from the study with a safety follow up of at least 12 weeks and is followed to term by the treating physician. A final pregnancy outcome report is then provided to Allergan.

Assessments {#Sec6}
-----------

At the baseline visit, patients are screened for inclusion criteria, provide informed consent, and receive their first treatment with onabotulinumtoxinA. Baseline assessments include demographics (ie, age, gender, height, weight, body mass index \[BMI\], education and employment status), medical history, and migraine history (ie, diagnosis, age of onset, time since diagnosis of migraine, and time since diagnosis of CM). All efficacy, healthcare resource utilisation, onabotulinumtoxinA utilisation, safety, and tolerability data are assessed at baseline and each follow-up visit as described below.

### Efficacy {#Sec7}

Patient-reported efficacy measures include the Migraine-Specific Quality of Life Questionnaire (MSQ) version 2.1, the EuroQol Group EQ-5D Questionnaire, patient-reported estimation of headache day frequency, and patient-reported treatment satisfaction.

The MSQ version 2.1 is a 14-item quality of life questionnaire that measures the impact of migraine on daily activities. The scale consists of 3 domains: 1) role restriction (questions 1--7) describes the degree which daily activities are limited; 2) role prevention (questions 8--11) describes the degree which daily activities are interrupted; and 3) emotional function (questions 12--14) describes the feelings of helplessness and frustration resulting from migraine. Each item is scored on a 6-point scale (1 = none of the time; 2 = a little bit of the time; 3 = some of the time; 4 = a good bit of the time; 5 = most of the time; 6 = all of the time); dimension and total scores are calculated as the sum of the raw item scores rescaled from 0 to 100, where a higher score indicates a better quality of life \[[@CR7], [@CR36], [@CR37]\]. The MSQ is reported as change from baseline in total and dimension scores.

The EuroQol Group EQ-5D questionnaire assigns an overall health state classification, reported as an index score and a patient-reported visual analog scale (VAS) health state score. The index score is calculated on the basis of 5 dimensions: 1) mobility; 2) self-care; 3) usual activities; 4) pain/discomfort; and 5) anxiety/depression, with each dimension rated on a 3-point scale (1 = no problems; 2 = some problems; 3 = extreme problems). Starting with a score of 1.0, weighted scores are deducted on the basis of each dimension's rating to yield an outcome score ranging from −0.59 to 1.00. A score of 1.00 indicates 'full health,' a score of 0 indicates 'death,' and a negative score indicates a health state that is perceived to be worse than death \[[@CR38]\]. The VAS score is a patient-reported measure of the current health state ranging from 0 (worst health imaginable) to 100 (best imaginable health state). The EQ-5D is reported as change from baseline in the index and health state scores, as well as a frequency distribution of perceived problems for each dimension.

The frequency of headache days is estimated by each patient as the number of days within the past month with ≥4 h of continuous headache.

Satisfaction with onabotulinumtoxinA treatment is assessed by both the patient and the prescribing physician as 'insufficient,' 'moderate,' 'good,' or 'very good' and is reported as a frequency distribution of satisfaction level as well as the proportion of patients and physicians who rated satisfaction as 'good' or 'very good.'

### Healthcare utilisation {#Sec8}

The frequency of headache-related healthcare professional (HCP) visits (by type: primary care consultation, outpatient consultation, accident and emergency visit, alternative practitioner, and other) and hospital admissions for headache are recorded for each period between visits. The total number of HCP visits and hospital admissions are normalised to 90 days using the following formula: (90 ÷ number of days between periods) × number of visits to HCPs or admissions to hospitals between periods. The frequency and proportion of patients who had visits or admissions between each visit is compared with those of the 3 months before baseline. At baseline, a complete medication history is documented, including headache medication used at any time before baseline, headache medication or therapy prescribed in the 26 weeks before baseline, and headache medication prescribed in the 26 weeks before baseline *and* in use at baseline. In addition, medication overuse, as assessed by the treating physician (not required to be based on ICHD criteria), is also recorded. All headache medications and therapies are categorised by indication (ie, acute, preventative, complementary) and drug class, and any changes in medication use are documented at each follow-up visit.

### OnabotulinumtoxinA utilisation {#Sec9}

Details of injection dose and site are documented during each treatment visit. For each visit, treating physicians document the total dose per treatment session and dose per muscle injected, as well as the number of muscle areas injected and the total number and locations of injection sites. These data are recorded for all patients receiving the PREEMPT recommended basic injections as well as for those patients who are treated with the 'follow-the-pain' strategy.

### Safety and tolerability {#Sec10}

The safety of onabotulinumtoxinA treatment is assessed via adverse drug reaction (ADR) reporting, including frequency, severity (ie, mild, moderate, severe), and relation (ie, definite, probable, possible, not assessable) to onabotulinumtoxinA. All treating physicians are required to document ADRs in the eCRF. Physician- and patient-reported onabotulinumtoxinA tolerability is rated as 'insufficient,' 'moderate,' 'good,' or 'very good,' and reported as the proportion of patients and physicians who rate the tolerability to be 'good' or 'very good.'

Statistical analysis {#Sec11}
--------------------

All baseline, demographic, efficacy, and safety analyses are performed in the safety analysis set (ie, all patients who receive ≥1 dose of onabotulinumtoxinA). Descriptive statistics are used to describe continuous variables; frequency and proportion distributions are used to report categorical data. Changes from baseline at each follow-up visit are analysed at the two-sided 5% level using a nonparametric Wilcoxon signed rank test. All data are analysed as reported in the database using SAS® version 9.3 (SAS Institute, Inc., Cary, NC); any missing data are reported as such. If any dimension score on the EQ-5D or question on the MSQ is missing, the corresponding dimension and total scores are reported as missing.

Results {#Sec12}
=======

Disposition and demographics {#Sec13}
----------------------------

Since the first patient was enrolled in July, 2012, the study has enrolled 644 patients from 78 sites throughout Europe. As of the cutoff date for this interim analysis (February 12, 2015), baseline data are available from 61 sites for 336 patients who participated in the study for ≥6 months. All patients received ≥1 dose of onabotulinumtoxinA and are included in the safety analysis set. The number of patients who completed and provided data for baseline and up to 4 follow-up visits is displayed in Fig. [1](#Fig1){ref-type="fig"}. Four patients discontinued the study (no future treatments scheduled, *n* = 2; discontinued onabotulinumtoxinA, *n* = 2); no specific reasons for discontinuing onabotulinumtoxinA were specified in the eCRF.Fig. 1Patient Disposition

Baseline patient demographic characteristics are presented in Table [2](#Tab2){ref-type="table"}. The mean (SD) age was 44.9 (11.4) years and BMI was 24.5 (4.5) kg/m^2^. Most patients (85.4%) were women, had a secondary school certificate (55.1%), and were employed either full- or part-time (66.1%).Table 2Patient DemographicsCharacteristic6-Month Completers\
(*n* = 336) ^a^Age (years) Mean (SD)44.9 (11.4) Median (min, max)46.0 (18, 76)Age group (years), n (%)  ≥ 18 and \<3033 (9.8)  ≥ 30 and \<4080 (23.8)  ≥ 40 and \<50107 (31.8)  ≥ 50115 (34.2)Gender, n (%) Male49 (14.6) Female287 (85.4)Weight (kg) Mean (SD)68.6 (14.3) Median (min, max)65 (46, 150)Height (cm) Mean (SD)167.4 (8.3) Median (min, max)167 (150, 203)Body mass index (kg/m^2^) Mean (SD)24.5 (4.5) Median (min, max)24 (16, 43)Education, n (%)^b^ No school-leaving qualifications6 (1.8) Still attending school0 Secondary school certificate ('Hauptschule')69 (20.5) Secondary school certificate ('Realschule')116 (34.5) Higher education entrance qualification71 (21.1) University degree59 (17.6)Employment Status, n (%)^c^ Full time179 (53.3) Part time43 (12.8) Retiree20 (6.0) Unemployed20 (6.0) Pupil1 (0.3) Trainee3 (0.9) Student6 (1.8) Self-employed10 (3.0) Housewife/husband26 (7.7) Side job4 (1.2) Pensioner15 (4.5)^a^Only gender data was available for 1 patient^b^Education data were unavailable for 15 patients^c^Employment data were unavailable for 9 patients

Medical and headache history {#Sec14}
----------------------------

Patient headache-related disease history at baseline is presented in Table [3](#Tab3){ref-type="table"}. The mean (SD) patient-reported age of headache onset was 18.5 (9.3) years. The mean (SD) time since migraine diagnosis was 19.5 (12.1) years and CM diagnosis was 5.1 (7.6) years. The mean (SD) patient-estimated headache-day frequency (ie, any day with ≥4 h of continuous headache) was 20.6 (5.3) days per month. Based on the treating physician's clinical judgment, it was determined that approximately one-third of the patients (34.2%) had CM complicated by medication overuse (including medication overuse, rebound, or analgesic overuse headaches). Baseline quality of life measures indicate substantial disease burden, as measured by mean (SD) MSQ (56.2 \[12.4\]), EQ-5D index (0.47 \[0.38\]), and EQ-5D VAS scores (47.7 \[25.1\]).Table 3Disease History of Patients with CM6-Month Completers\
(*n* = 336)Time since first diagnosis of CM, yearsN336Mean (SD)5.1 (7.6)Median (min, max)1.8 (−0.8, 40.6)^a^Age of onset, years^b^N331Mean (SD)18.5 (9.3)Median (min, max)16 (3, 57)Time since first diagnosis of migraine, yearsN330Mean (SD)19.5 (12.1)Median (min, max)19.8 (−0.2, 71)^a^Non-CM headache diagnoses, n (%)^d^Migraine245 (72.9)Medication overuse^c^115 (34.2)Tension headache83 (24.7)Chronic tension-type headache41 (12.2)Chronic daily headache39 (11.6)Menstrual headache or menstrual migraine28 (8.3)Stress headache28 (8.3)Intractable/refractory migraine or headache21 (6.3)Cluster headache8 (2.4)Sinus headache4 (1.2)Hemicrania continua1 (0.3)New daily persistent headache0Other5 (1.5)CM = chronic migraine^a^The negative minimum value results from incorrect dates in the electronic case report form. The date of the baseline visit was prior to the date of the first diagnosis in 1 patient^b^Based on the patient's recollection^c^Includes any diagnosis of medication overuse, rebound, or analgesic overuse headache, based on the treating physician's clinical judgment^d^Multiple answers were possible

Healthcare resource and medication utilisation {#Sec15}
----------------------------------------------

In the 3 months before baseline, a small proportion (\~4%) of patients had been admitted to the hospital for headache. Conversely, HCP visits were more frequent; 42.9% of patients had a mean (SD) of 3.5 (4.0) HCP visits in the 3 months before baseline. The most frequently used (ie, ≥50% of patients) headache medications at any time before the study were beta blockers, antidepressants, and antiepileptics (\~70% each). Only 7.1% of patients had previously received botulinum toxin for treatment of headache (Table [4](#Tab4){ref-type="table"}). During the 26 weeks before baseline, a large proportion (90.8%) of patients had been prescribed some type of headache medication. At baseline, 80.7% of patients were using prescribed acute headache medications, resulting in approximately one-fifth of patients (19.3%) not using prescribed acute headache medications. Prescribed preventative headache medications were in use by 50.0% of the patients. The most frequently used (prescription and nonprescription) acute headache medications were triptans and ibuprofen, and the most frequent preventative medication was topiramate (Table [4](#Tab4){ref-type="table"}). According to the treating physician, \~40% of patients were overusing their headache medications at baseline.Table 4Medication History6-Month Completers\
(*n* = 336)Previous headache medication, n (%)^a^ Beta blockers238 (70.8) Antidepressants235 (69.9) Antiepileptics227 (67.6) Calcium channel blockers102 (30.4) Botulinum toxin24 (7.1)Medication/therapy prescribed in the 26 weeks before baseline, n (%)^a^ Any headache medication/therapy305 (90.8) Acute treatment for headache283 (84.2) Headache prevention211 (62.8) Complementary therapies73 (21.7)Medication/therapy prescribed in the 26 weeks before baseline and used by the patient at baseline, n (%) ^a,b^ Headache prevention168 (50.0)  Topiramate57 (17.0) Acute treatment for headache271 (80.7)  Sumatriptan95 (28.3)  Ibuprofen75 (22.3)  Rizatriptan43 (12.8)  Zolmitriptan40 (11.9) Complementary therapies49 (14.6)^a^Multiple answers were possible^b^Medications/therapies which were used at baseline by at least 10% of the patients

Discussion {#Sec16}
==========

To date, the PREEMPT clinical trial programme is the largest study of onabotulinumtoxinA in CM and provides evidence for safety and efficacy over a 52-week treatment period \[[@CR23]--[@CR25]\]. The purpose of the REPOSE study is to provide real-world data, observed in a clinical setting, regarding the use of onabotulinumtoxinA for the treatment of CM over a 2-year period, as measured by patient- and physician-reported efficacy outcomes, healthcare resource utilisation, and adverse event profile. These data are intended to complement and strengthen previously published rigorously controlled studies and real-world analyses by supplying previously unreported information about the real-world long-term impact of onabotulinumtoxinA on CM patient healthcare utilisation patterns and disease burden including poor quality of life, which is an important distinguishing feature of CM \[[@CR39], [@CR40]\].

As of the database cutoff date, baseline data were available for approximately half (336/644) of the enrolled patient population. Consistent with previous research \[[@CR10], [@CR41], [@CR7]\], the majority of patients (\~80%) in the current study are female, with a mean age of \~45 years, substantial disease burden (as measured by the MSQ), and most have previously used beta-blockers, antidepressants, or antiepileptics for treatment of CM. Nevertheless, some differences were observed between this European population and the US population of patients with CM. One notable difference is the mean BMI; patients in the current study have a lower BMI (24.5 kg/m^2^) than that observed among patients with CM in a large US epidemiologic study (American Migraine Prevalence and Prevention Study \[AMPP\]; 30.4 kg/m^2^) \[[@CR6]\]. This dissimilarity may reflect international differences in BMI (general population mean BMI: 23.8 to 25.3 kg/m^2^ for women and 25.5 to 26.3 kg/m^2^ for men in 9 European countries \[[@CR42]\]; 28.7 kg/m^2^ for women and 28.6 kg/m^2^ for men in the United States \[[@CR43]\]. Additionally, patients in the current study have higher rates of full- or part-time employment (66.1%) compared with those from 2 US epidemiologic studies (Chronic Migraine Epidemiology and Outcomes Study, 56.4%; AMPP, 47%) \[[@CR44], [@CR45]\], although, again, this may partly reflect population differences due to study design.

In contrast with expectations, an unexpected low rate of intractable/refractory migraine or headache was observed, which may be attributed to inconsistencies in diagnosis among treating physicians or a possible low participation of headache specialists in the study. Coinciding with the timeframe of this study, there was debate on the definition of refractory CM (due to the introduction of onabotulinumtoxinA as a preventive treatment), resulting in a proposal from the European Headache Federation Expert Group to modify the definition to also include patients who had contraindications to or no effect from onabotulinumtoxinA treatment. \[[@CR46]\] This "tightening" of the definition of refractory CM could have led to the low rate of intractable/refractory migraine observed. In addition, the time since first diagnosis of migraine and CM were \~20 and \~5 years, respectively, which may indicate that migraine chronification occurs over a protracted period. Although adherence is not being directly measured in the current study, approximately one-fifth of patients are not using their acute headache medications as prescribed. Furthermore only 50% of patients are using their prescribed preventative medications at baseline. This is slightly higher than the \~30% adherence rate observed in a study of the adherence of preventative oral medications for CM \[[@CR18]\]; however, further investigation is required to understand why patients with CM are not taking their medications as prescribed, but it is possible that a lack of sustained effectiveness or the presence of troublesome side effects contribute to poor compliance.

This report of baseline data from the REPOSE study has some limitations. The observational nature of the study reflecting real-world use of onabotulinumtoxinA precludes any utilisation of formal protocol requirements or exclusion criteria. One consequence of this study design is that treatments were not mandated, but were provided at the participating physicians' discretion according to their clinical judgment and local standards of medical care. Another consequence is the observed variety of diagnoses and the inability to disentangle comorbidities that might influence treatment outcomes. In addition, since headache diaries were not used, the patient-reported outcomes relied on patient recollection and reporting compliance, which may result in incomplete and/or missing data.

Conclusion {#Sec30}
==========

The REPOSE Study will provide the largest real-world, long-term analysis of the clinical use of onabotulinumtoxinA for the treatment of CM and will add important information to existing real-world findings. Future analyses will assess the long-term safety and efficacy of onabotulinumtoxinA in this population.
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